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Abstract 
This study aims to identify the daily rainfall pattern over a 20 year period (1994–2013) using data from 89 stations positioned 
throughout Malaysia by applying Principal Component Analysis (PCA). Six components were retained using PCA with total 
variance of 53.43%. The first and the second component encompassed regions that show characteristics of Northeast and 
Southwest monsoons respectively. The fourth component, which covers the northern regions of peninsular Malaysia, shows two 
peaks in rainfall amount received per year. The third, fifth and sixth components show distinction between regions that mostly 
cover Sabah and Sarawak. 
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1.Introduction 
Climate change is an undeniable, pervasive and insidious world crisis with prominent increases in the intensity 
and frequency of many extreme events such as heat waves, tropical cyclones, prolonged dry spells, intense rainfall, 
tornadoes, thunderstorms, and severe dust storms in some regions. The occurrence of extreme events in poor and 
developing countries commonly cause a high number of deaths, as well as an exponential increase in costs due to the 
damage. Mishra and Singh [1] stressed the importance of understanding local scale climate conditions due to the 
heterogeneity in spatio-temporal hydro-meteorological variability. 
 
 
* Corresponding author. Tel.: +6-03-89468024; fax: +6-03-89467463. 
E-mail address: zulfa@upm.edu.my 
© 2015 The Authors. Published by Elsevier B.V This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of Environmental Forensics Research Centre, Faculty of Environmental Studies, 
Universiti Putra Malaysia.
128   Melawani Othman et al. /  Procedia Environmental Sciences  30 ( 2015 )  127 – 132 
Numerous studies have been conducted to better understand the association of droughts or floods with climatic, 
oceanic and local factors, with the intention of developing an efficient means of predicting and estimating extreme 
events for better preparation in the future. Understanding the pattern and magnitude of rainfall is important for short 
or long periods of time, since rainfall can act as a solution to certain problems such as air pollution and haze, but can 
also cause damage to the extent of death. Malaysian rainfall is associated with monsoon activities; Tangang et al. [2] 
stated that rainfall in Malaysia is affected by its geographical location. The country is situated between two large 
oceans, namely, the Pacific and Indian Oceans. The variability associated with these oceans strongly influences its 
climate. There are three main types of rainfall. Convectional rainfall is associated with hot climate, and mostly 
occurs in tropical areas; frontal, or cyclonic, rainfall occurs when warm air is forced to rise over colder air; and 
orographic rainfall occurs when an airstream is forced to rise over a mountain range and the air becomes cooler [3]. 
Principal Component Analysis (PCA) has been applied by Lau and Yin [4] to relate between North Atlantic 
Oscillation (NAO) with summer precipitation, while Bonaccorso et al. [5] applied PCA on a Standardized 
Precipitation Index (SPI) for a spatial variability of drought in Sicily, Italy. Singh [6] applied the same analysis on 
Indian Monsoons to identify the major modes of outgoing long-wave radiation data. 
Malaysia is currently facing extreme events in climate activities that have a dire effect its population and 
ecosystem (e.g., floods). Extreme events of drought have also occurred during the years of 1997 and 1998, while in 
early 2005, large regions of peninsular Malaysia have experienced an prolonged period of dry spells [7]. Events of 
extreme rainfall have occurred recently on the east coast states such as Kelantan, Pahang and Terengganu, followed 
by Sabah and Sarawak. These states faced intense floods, with the assumption that they were the consequence of 
long term heavy rainfall. Studies on regional climate are necessary in order to equip researchers with sufficient 
knowledge on local climate conditions, and can be used for mitigation and management purposes. In this study, PCA 
is applied to determine spatial and temporal rainfall patterns for the entire region of Malaysia based on daily 
recorded data over a period of 20 years. The findings are illustrated by using the kriging interpolation technique. 
2.Study area  
Malaysia is a country with a land area of 329,847 km2 (127,355 sq mi), and comprises 13 states and three federal 
territories. Located near the equator, its climate is impacted by monsoon seasons that occur on a bi-yearly basis: the 
Northeast Monsoon (NEM) occurs during the period of November to February, while the Southwest Monsoon 
(SWM) occurs during the period of May to August. A transitional period occurs in between these two monsoon 
seasons. The NEM brings with it heavy rainfall, with wind speed reaching 20 km/h [8], especially in the northern 
area of Peninsular Malaysia. The SWM, however, is a drier period with a low count of wet days, sometimes 
accompanied by short dry spells. 
3.Methods 
Daily precipitation data from 89 stations throughout the country for a 20 year period (from January 1994 to 
December 2013) have been used in this study. This data was obtained from the Department of Irrigation and 
Drainage (DID), Malaysia. Five percent of the data were missing values, which were treated by considering several 
statistical methods, including likewise and pairwise, estimated mean, regression estimation and linear interpolation. 
The linear interpolation method was chosen as the best method for the task of replacing missing values, considering 
the data used in this study is a time series data.  
Principal Component Analysis (PCA) was applied on the data to identify a numbers of components that affect the 
rainfall patterns. It is a standard statistical analysis method intended to reduce original variables to a small number 
of linearly uncorrelated ones that explain most of the total variance [9]. The principal component (PC) that will be 
retained is decided by using parallel analysis, which compares the size of eigenvalues with the value obtained from a 
randomly generated data set of equal size. The PC obtained is analyzed based on the same group in order to obtain a 
much clearer pattern for each component, and descriptive statistics were used on each PC to determine the 
characteristic of the rainfall patterns.   
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4. Results and discussion 
The first principle component (PC1) accounts for 20.29% of the variance, which is associated with 18 stations 
situated on the east coast of Peninsular Malaysia, as shown in Fig. 1(a). An increased amount of rainfall was 
recorded starting from September. Recorded was the peak amount in December, and a decrease in February. This 
pattern is associated with the Northeast Monsoon (NEM), which affects the east coast of Malaysia from November 
to February every year [2, 10, 11, 12]. These areas receive a rainfall range of 1.53 to 27.89 mm every year. PC2 
explained 13.65% of the total variance, which includes 20 stations positioned mainly on the west coast and west 
inland of Peninsular Malaysia, with Perak as the most affected area. The pattern suggests that the area in this 
principal component exhibits criteria related to the Southwest Monsoon (SWM), during which the period is drier for 
the entire country [11]. Rainfall received during this period ranges from 1.62 to 14.03 mm. The distribution of areas 
under this PC is shown in Fig. 1(b). Based on Fig. 2(b), it can be seen that the rainfall peaks in the middle of the 
year, which is associated with the SW. 
Accounting for 5.05% of the total variance, PC3 consists of 16 stations in the southern part of Malaysia, and this 
component shows no obvious pattern, except for a low amount of rainfall received in May to the end of July, which 
ranges from 5.16 to 59.55mm every year. PC4 accounts for 5.40% of the total variance, and comprised 13 stations 
found in the northern of part of Peninsular Malaysia, which shows a pattern of increased rainfall that generally starts 
in March, and gradually decreases during April. It peaks again in September, and then decreases in November. This 
pattern highly suggests inter-monsoon conditions that occur on a bi-yearly basis, and is in line with previous 
findings which stated that this period is accompanied by intense convective rainfall in many areas in Peninsular 
Malaysia [10]. The results obtained also suggest that the event occurs in the period of September to November, and 
records a higher amount of rainfall compared to the event that occurs early in the year, while the intensity of the 
rainfall ranges from 0.87 to 19.1 each year.  
PC5 accounts for 5.12% of the total variance, and comprised 17 stations in Sabah and Sarawak. It shows no 
obvious pattern, except for a homogenous distribution of rainfall throughout the year, with its minimum value at 
1.80 mm, and its maximum at 26.85 mm, each year. PC6 accounts for 3.41% of the total variance, with only five 
stations contributing to the pattern of the rainfall, which fluctuates throughout the entire year. It also recorded the 
greatest range of 3.50 to 130.85mm each year. This might be due to a high amount of rainfall recorded in the year 
2003. The total variance recorded by all six retained principal components is 53.43% of the total data used in this 
study.   
Fig. 1 illustrates the distribution of rainfall based on the results obtained from PCA, where the darker shade 
indicates a higher value, and vice versa. The temporal information of the PC is shown in Fig. 2. 
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Fig. 1 Spatial distribution of daily rainfall that resulted from principal component analysis with a) PC1, b) PC2, c) PC3, 
d) PC4, e) PC5 and f) PC6 respectively. 
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5. Summary and conclusion 
 
In this study, rainfall data from 89 stations positioned throughout Malaysia for a 20 year period (from 1994 to 
2013) have been analyzed. In order to obtain the patterns of rainfall in Malaysia, PCA has been applied, and six 
components were extracted. The component obtained was further analyzed to extract its characteristics, in order to 
better understand the climate conditions in the country. There are six clear patterns of rainfall in Malaysia, which are 
clearly divided based on their geographical attributes. PCA is a convenient tool to reduce the complexity in 
assessing a dataset, as well as to reduce the noise that might affect the results obtained from analysis. However, the 
covariance matrix of PCA is difficult to evaluate in an accurate manner [13], and the data have to be explicitly 
prepared in order to obtain the desired outcome. This study also helped to further understand the extent and variation 
associated with each region, and also to determine the pattern involved in order to provide details for further 
research in this area. 
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Fig. 2. Temporal distribution of daily rainfall by the six PCs retained in this study. 
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